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SUMMARY 
A local seismic velocity model was developed for the 
Clark Hill Reservoir Area using refraction data* This area 
has been the site of a large number of earthquakes, 
The shalIow P~wave velocity is a continuous function 
consisting of three zones. The velocity in each zone was 
modeled as a continuous linear increase in velocity with 
depth* The first zone extends from the surface (elevation 
0B13 km) to 0«17 km? the second from 0«17 to Q«57 km and the 
third from Qo57 to 5©G km* Depths are measured from sea 
level. The velocity at the surface is *f*55 km/sec« at 0«17 
km it is 5e80 km/sec» at G•57 km it is 6«1Q km/sec and at 5«0 
km it is 6*^ 2 km/sec* Raypaths for the model penetrate to a 
depth of 3*37 km for the most distant arrivals., When this 
model is combined with the regional velocity model» the 
near-surface model represents a hlghrve-1 oeity seismic 
channel* Further evidence for such a channel is provided by 
the complex nature of seismic arrivals In the Clark Hill 
area* 
The Georgia Tech earthquake location program? Doall* 
has been modified to use this velocity model* An unexpected 
result of this model is that the travel time curve for a 
hear^surface focus crosses the curves for other depths* 
This leads to stability problems in*the location of shallow 
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earthquakes« 
Eighty-orve' earthquakes were relocated, A planar 
structure was found with a strike of N 50 E and a dip of 57 
NW« Approximately fifty per cent of the relocated events are 
found within 200 meters of this structure. 
CHAPTER 1 
Intr&dus.lion 
The Clark Hill Reservoir Area (CHRA) is in the 
Piedmont Crystalline Province and is located on the Georgia-
South Carolina border approximately 55 Km northwest of 
Augusta* Georgia* Figure 1 is a regional map showing the 
location of the CHRA * The rocks of the CHRA are of 
metamorphic and igneous origin and of Precambrian to 
Paleozoic age. The most prominent rock tyoes in the 
northwestern half of the area are granites and gneisses. In 
the southeastern half* the rocks are mostly volcanic in 
origin (see Figjre 2)» Denrnan (197^) gives a good 
description of the rock units and additional references* 
The purpose of this study has been to measure seismic 
travel times in the CHRA and to develop a velocity model to 
fit the travel time data© A secondary objective was to 
detect differences in seismic velocities among the different 
rock units present in the field area* The velocity model is 
to be used to locate the position of earthquake foci in the 
CHRA./ ') 
Previous Studies/ 
Previous work concerning regional velocity 
measurements has been donerby /Dorman (1972) and Guinn (1976)© 
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Figure 1. Southeast Regional Map 
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Figure 3 . Map of the Clark Hill Reservoir Area 
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enough data to be used as a third refraction- line. The short 
line does serve to connect the two retraction lines. 
The locations.of the explosions are known only to 
within a rectangular area that is 0.5 km Jong by 0.1 km wide* 
However? most of the explosions took place in an area that 
is Q&25 km Iong by 0*1 km wide. The center of this area is 
taken to be the location of the explosions. 
In order to combine the data from separate explosions? 
the explosions had to be recorded by both the portable 
stations and at least one of the permanent stations. Timing 
accuracy associated with the measurements was +5 msec for the 
permanent stations? provided the explosion was recorded on 
magnetic tape in Atlanta and the clock correction was known. 
Otherwise* an accuracy pf ^±0 ..3','sec was assumed. The timing 
accuracy of the tape units was £5 msec if the WWV radio 
reception rfas goods' The record was not used for first arrival 
times if the WWtf reception was poor or nonexistent. The 
accuracy of the Sprengnether recorder was no better than ±0.02 
sec for absolute time. Relative times? such as S-P time? 
could be measured to +0.01 sec. Elevation differences between 
stations could cause arrival time deviations on the order of 
£.0 . 00 5 sec. This number was computed by using the maximum 
elevation difference between a station with absolute time 
data and the average elevation of the stations. A near-
surface velocity of *t.55 km/sec was also oased. Errors due 
to the uncertainty in the blast position ^ ere on the order 
- 11 -
o f + 0 . 0 2 s e c . T h i s w a s c a l c u l a t e d b y u s i n g t h e u n c e r t a i n t y 
i n t h e b l a s t p o s i t i o n a n d a v e l o c i t y o f 6ol k m / s e c . T h i s 
v e l o c i t y i s a p p r o x i m a t e l y t h e s l o p e o f t h e t r a v e l t i m e c u r v e 
b e y o n d 10 K m * 
T r a v e l t i m e s w e r e c o m p u t e d u s i n g a n o r i g i n t i m e 6*83 
s e c e a r l i e r t h a n t h e f i r s t a r r i v a l a t s t a t i o n CH5 • T h i s 
n u m b e r w a s c o m p u t e d u s i n g CH5 a n d a s t a t i o n c l o s e t o t h e 
b l a s t s i t e . T h e t i m i n g a c c u r a c y o f t h e s t a t i o n w a s ±0.025 
s e e * I t s d i s t a n c e f r o m t h e e x p l o s i o n w a s e s t i m a t e d t o b e 250 
m e t e r s . N o a l l o w a n c e w a s m a d e f o r a s u r f a c e l a y e r s o t h e 
6*83 s e c v a l u e i s a r b i t r a r y * T a b l e 2 i s a l i s t o f t r a v e l 
t i m e s * r e d u c e d t r a v e l t i m e s a n d s h o t — s t a t i o n d i s t a n c e s ( s e e 
A p p e n d i x A ) ' , • •,. 
F i g u r e 5 i s a r e d u c e d t r [ a v e t ' t ime> p I o t f o r f i r s t 
a r r i v a l s a t a l l s t a t i o n s w i t h a b s o l u t e t i m e d a t a * T h e 
r e d u c e d v e l o c i t y u s e d o n a l l f i g u r e s i s 6*5 k m / s e c * T h e 
s q u a r e s i n t h e f i g u r e s r e p r e s e n t t h e p e r m a n e n t s t a t i o n s * 
DISTANCE (km) 
Figure 5 . Plot of Reduced First Arrivals 
The reduced velocity used is 6 . 5 km/sec. to 
i 
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C H A P T E R 3 
V e 1 o c l t y M o d e l , 
T h e n e w v e l o c i t y m o d e l w a s d e v e l o p e d b y u s i n g a 
r a y t r a c l n g m e t h o d * T h e t r a v e l t i m e c u r v e s c o m p u t e d b y t h e 
r a y t r a c i n g m e t h o d w e r e c o m p a r e d w i t h t h e a c t u a l d a t a a n d t h e 
m o d e l w a s m o d i f i e d t o p r o d u c e a b e t t e r f i t . A p p e n d i x B 
d e s c r i b e s t h e c o m p u t e r p r o g r a m u s e d f o r t h e c o m p u t a t i o n . 
T h e P - w a v e v e l o c i t y m o d e l t h a t b e s t s a t i s f i e d t h e d a t a 
i s l i s t e d i n T a b l e 3 « T h e v e l o c i t y b e t w e e n t h e p o i n t s l i s t e d 
i s c o n t i n u o u s a n d 1 i n e a r . D ' e p t h i s m e a s u r e d f r o m s e a 1 e v e 1 • 
T h e r a y p a t h f r o m t h e s o u r c e t o t h e m o s t d i s t a n t s t a t i o n u s e d 
i n t h i s s t u d y p e n e t r a t e s t o a d e p t h , o f 3 . 3 7 k m a c c o r d i n g t o 
t h e m o d e l . B e S o w t h i s d e p t h ? t h e m o d e l c o m e s f r o m o t h e r 
s o u r c e s C D o r m a n ? 1 9 7 2 ? S u l n i f
 9 1 9 7 6 ) a n d i s c u r r e n t l y u n d e r 
r e v i s i o n * F i g u r e 6 p r e s e n t s t h e m o d e l g r a p h i c a l l y . 
T h e l a y e r f r o m - G e l 3 t o 0 . 1 7 k m r e p r e s e n t s t h e 
w e a t h e r i n g z o n e . T h e v e l o c i t y a t t h e s u r f a c e i s p o o r l y 
c o n s t r a i n e d . T h e l a y e r s f r o m 0 . 1 7 t o 5 . 0 k m m a y r e p r e s e n t a 
f a i r l y n o r m a l i n c r e a s e i n v e l o c i t y w i t h i n c r e a s i n g p r e s s u r e 
( S t e w a r t a n d P e s e l n i c k , 1 9 7 7 ) . T h e r e v e r s a l i n t h e v e l o c i t y 
a t 5 . 0 k m i s p a r t i a l l y a n a r t i f a c t o f c o m b i n i n g t h e C l a r k H i l l 
m o d e l w i t h G u i n n ' s r e g i o n a l m o d e l f o r t h e P i e d m o n t . H o w e v e r ? 
t h e r e v e r s a l d o e s h a v e s o m e p h y s i c a l b a s i s . T h e r e d o e s a p p e a r 
t o b e a h i g h - v e l o c i t y n e a r - s u r f a c e c h a n n e l . A r r i v a l s a t 
fable 3« P-wav-e Velocity Mod 
Qepth(km) Velocity(km/sec) 
-0.13 k*55 
0*17 5.60 
0«57 : 6.10 
, 5.0 '""'••<,'!.' 6®** 2 
5c0
 :Ji 5.5 7 
12e"9 5.57 T 
J12o9 6.33 
35.6 6.33 
3 5 © 6 . \ 8 • 15 • 
VELOCITY (km/sec) 
\ 
\ • 
Figure 6. P-wave Velocity Model 
e local model ison the left. The regional model is on the right, 
e regional model is under revision. The dashed line is conjectural. 
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s t a t i o n s m o r e t h a n a f e w K i l o m e t e r s f r o m a n e v e n t a r e q u i t e 
c o m p l i c a t e d * A h i g h - v e l o c i t y c h a n n e l e x p l a i n s t h i s q u i t e 
w e l l a s t h e r e w o u l d b e m a n y r e f l e c t i o n s w i t h i n t h e c h a n n e l © 
T h e d e p t h o f 5»'3 K m i s a r b i t r a r y ? b u t i s o f t h e p r o p e r 
o r d e r o f m a g n i t u d e t o p r o d u c e t h e o b s e r v e d e f f e c t s * L a t e r a l 
1 n h o m o g e n i e t i e s w o u l d a l s o c o n t r i b u t e t o t h e c o m p l e x i t y o f 
a r r i v a l s » 
F i g u r e i s t h e tt i e o r e t j i c a l r e d u c e d t r a v e l t i m e c u r v e 
f o r t h e r e g i o n o f i n t e r e s t * ^ C o m p a r i s o n o f F i g u r e s 5 a n d 7 
i n d i c a t e s a g o o d f i t if t h e o r i g i n t i m e u s e d f o r t h e d a t a 
r e d u c t i o n i s s h i f t e d 0*0 8 s e c - e a r l i e r * . T h i s i s n o t a n 
u n r e a s o n a b l e c o r r e c t i o n s i n c e n o a l l o w a n c e w a s m a d e f o r a 
s u r f a c e l a y e r * 
T h e f i t o f t h e m o d e l w i t h t h e t r a v e l t i m e c u r v e i s 
s u r p r i s i n g l y g o o d c o n s i d e r i n g t h e m i x o f r o c k t y p e s i n v o l v e d * 
A t p r e s s u r e s e x o e r i e n c e d n e a r t h e s u r f a c e * g r a n i t e s h a v e 
P - w a v e v e l o c i t i e s o f 5 . 1 + i e 7 K m / s e c * g n e i s s e s h a v e v e l o c i t i e s 
o f 4 . 3 + 1 * 4 K m / s e c * s c h i s t s h a v e v e l o c i t i e s o f 5 . 7 + 1 * 1 k m / s e e ? 
a n d g a b b r o s h a v e v e l o c i t i e s o f 6*3+0*6 K m / s e c ( B i r c h * I 9 6 0 ) . 
T h e s e i s m i c v e l o c i t y o f a r o c k i n c r e a s e s w i t h p r e s s u r e * A t 
a p r e s s u r e o f o n e K i l o b a r ? g r a n i t e s h a v e v e l o c i t i e s o f 6 * 2 + 0 . 4 
K m / s e c ? g n e i s s e s h a v e v e l o c i t i e s o f 6*0+0*3 K m / s e c ? s c h i s t s 
h a v e v e l o c i t i e s o f 6*4+0*4 K m / s e c ? a n d g a b b r o s h a v e 
v e l o c i t i e s o f 7 . 0 + 0 * 2 K m / s e c ( B i r c h ? 1 9 6 0 ) . T h e o t h e r r o c k 
t y p e s i n t h e C H R A a r e e x p e c t e d t o e x h i b i t s i m i l a r 
v a r i a b i l i t y . * T h e i n c r e a s e i n v e l o c i t y w i t h p r e s s u r e i s 
DISTANCE (kfn) 
Figure 7 . Theoretical Reduced Travel Time Curve 
i 
The reduced velocity used is 6 . 5 km/sec. H-> 
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g e n e r a l l y t h e raost r a p i d a s t h e p r e s s u r e I n c r e a s e s t o o n e o r 
t w o k i l o b a r s ( S t e w a r t a n d P e s e l n i c k ? 1 9 7 7 ) © 
F i g u r e s 3 a n d 9 a r e r e d u c e d travel t i m e p l o t s f o r 
s t a t i o n s o n t h e G e o r g i a a n d S o u t h C a r o l i n a r e f r a c t i o n I i n e s 
r e s p e c t i v e l y * T h e g e o l o g i c u n i t s t h e l i n e s c r o s s a r e 
I n d i c a t e d o n t h e s e " p l o t s * T h e s y m b o l s f o r t h e r o c k t y p e s a r e 
t h e s a m e a s u s e d o n t h e g e o l o g y m a p . ( F i g u r e 2 ) « C o m p a r i s o n 
o f F i g u r e s 8.. a n d 9 i n d i c a t e s t h a t t h e v e l o c i t y s t r u c t u r e o n 
e a c h s i d e of. t h e l a k e i s e s s e n 1 1 a l l y i d e n t i c a l . T h e l a c k of 
e f f e c t d u e t o r o c k t y p e i s r e a d i l y s e e n * 
A s e p a r a t e S ~ w a v a m o d e l h a s n o t b e e n d e v e l o p e d . T h e 
r e a s o n b e h i n d t h i s i s t h e r a t h e r s e v e r e m i s m a t c h b e t w e e n t h e 
f r e q u e n c y c o n t e n t o f t h e s h e a r w a v e s p r o d u c e d b y t h e 
e x p l o s i o n s a n d t h e f r e q u e n c y r e s p o n s e o f t h e t a p e u n i t s 
( M a r i o n ? 1 9 7 7 ) © A l s o t h e t a p e u n i t ' s r e c o r d s a r e g e n e r a l l y 
c h a r a c t e r i z e d b y m u l t i p l e a r r i v a l s * A s a r e s u l t o f t h i s ? it 
i s a l m o s t i m p o s s i b l e t o d i s t i n g u i s h a s h e a r w a v e i n t h e t a p e 
u n i t ' s r e c o r d * S e v e r a l s t a t i o n s d i d r e c o r d c I e a r s h e a r w a v e 
a r r i v a l s * t h e s e i n d i c a t e t h a t t h e g e n e r a l l y u s e d 
a p p r o x i m a t i o n 
•Vs = V ' p / s q r t (3) ' 
i s g o o d t o w i t h i n a f e w p e r c e n t I n t h i s a r e a © T h i s 
a p p r o x i m a t i o n i s b a s e d o n a v a l u e o f 0.25 f o r P o l s - s o n ' s , 
r a t i o © T h i s v a l u e i s f o u n d t o b e a p p l i c a b l e i n m o s t c a s e s . 
D I S T A N C E (km) 
Figure 8 . Reduced First Arrivals, Georgia Side 
i 
The reduced velocity used is 6.5 km/sec. ,_, 
See Figure 2 for the geologic units. ^ 
DISTANCE(km) 
Figure 9. Reduced First Arrivals, South Carolina Side 
The reduced velocity used is 6.5 km/sec. ^ 
See Figure 2 for the geologic units. o 
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o f t h e s e w a v e s I s 3 * 0 + 0 . 3 k m / s e c * U s i n g t h e s a m e v a l u e o f 
P o i s s o n ' s r a t i o , a n d t h e 6 . 1 k m / s e c p - w a v e v e l o c i t y u s e d 
e a r H e r *{ t h e s u r f a c e w a v e v e l o c i t y i s c o m p u t e d t o b e 3 * 2 
k m / s e c ( G a r I a n d , 1 9 7 1 ) • 
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s h a l l o w d e p t h s * T h e h e w m o d e l g i v e s l o n g e r t r a v e l t i m e s 
f o r the range o f depths in which earthquakes have been 
r e c o r d e d ( s e e A p p e n d i x 0 ) « 
R e L a i i & Q - ± o _ £ e o X o c i Y -
T h e o n l y s i g n i f i c a n t d e v i a t i o n s f r o m t h e v e l o c i t y 
m o d e l o c c u - i n t h e v i c i n i t y o f s t a t i o n s C H 6 , R F 1 a n d H K P . 
T h e d e v i a t i o n n e a r C H 6 o c c u r s i n t h e m i d d l e o f a r o c k u n i t 
i d e n t i f i e d o n t h e G e o l o g i c H a p o f G e o r g i a a s a n e p i d o t e 
q u a r t z i t e / g r a n l t e g n e i s s * T h e s t a t i o n s i n t h i s u n i t a r e S T 1 , 
S T 2 ? S T 3 a n d C H 6 * T h e r e a r e n o s i g n i f i c a n t d e v i a t i o n s a t 
s t a t i o n s S T 2 a n d S T 3 • A r r i v a l s a t s t a t i o n s S T l a n d C H 6 a r e 
d e l a y e d b y 0 * 0 2 0 t o 0 . 0 2 5 s e c c o m p a r e d t o t h e t r a v e l t i m e 
c u r v e . T h e s e s t a t i o n s w e r e o c c u p i e d a t t h e s a m e t i m e s o 
d i f f e r e n c e s i n s h o t l o c a t i o n s i s h o t a f a c t o r . E l e v a t i o n 
d i f f e r e n c e s b e t w e e n t h e s t a t i o n s a r e s l i g h t a n d c a n n o t 
e x p l a i n t h e del a y . T h e a p p a r e n t P - w a v e v e l o c i t y I n t h e 
u n i t I s <t. 1 + 0 .5 k m / s e c . 
Figure 10. Comparison of Velocity Models 
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:. S o m e s t r u c t u r e w i t h i n t h e u n i t i s i n d i c a t e d * T h e u n i t 
, is* a p p a r e n t I y f a i r 1 y t h i n . u n d e r S T 2 a n d S T 3 ? o n t h e o r d e r o f 
1 0 0 m e t e r s o r j e s s , I t t h i c K e n ^ s t o s o m e t h i n g o n t h e o r d e r o f 
3 0 0 m e t e r s u n . d e ~ . S T i a n d C H 6 * T h e t h i c k e n i n g t a k e s p l a c e 
f a i r l y a b r u p t l y 1 s i n c e S T i a n d S T 2 a r e l e s s t h a n 0 * 5 k m a p a r t * 
T h e s e - t h i c k n e s s e s w e r e c a l c u l a t e d b y a s s u m i n g t h a t t h e d e l a y 
i s d u e t o m a t e r i a l fha't h a s a 1 v e l o c i t y o f 4 * 1 k m / s e c * T h e 
1 0 0 m e t e r t h i c k n e s s w o u l d p r o d u c e a d e l a y of l e s s t h a n O e O l 
s e c * w h i c h i s t h e l i m i t o f d e t e c t i o n * T h e 3 0 0 m e t e r 
t h i c k n e s s w o u l d p r o d u c e t h e o b s e r v e d d e l a y * T h e n a t u r e o f 
t h e t h i c k e n i n g i s n o t r e a d i l y a p p a r e n t * I t c o u l d b e d u e t o 
a f a u l t o r f o l d i n g o f t h e u n i t e I n e i t h e r c a s e ? t h e u n i t d o e s 
n o t e x t e n d t o g r e a t d e p t h s s i n c e t h e n e x t s t a t i o n o n t h e 
r e f r a c t i o n l i n e ? G S 2 ? d o e s n o t s h o w a s i g n i f i c a n t d e l a y * 
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d e l a y e d b y 0 « G 1 7 s e c * T h i s y i e l d s a n a p p a r e n t v e l o c i t y o f 
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t h e r e w e r e n o o t h e r s t a t i o n s i n t h i s u n i t a n d R F 1 i s o f f t h e 
r e f r a c t i o n l i n e s * T h e a p p a r e n t v e l o c i t y w a s c a l c u l a t e d b y 
a s s u m i n g t h a t t h e t r a v e l t i m e c u r v e i s u n a f f e c t e d u n t i l t h e 
s e i s m i c r a y e n t e r s t h e D a n b u r g g r a n i t e * T h e d e l a y w a s 
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A n o t h e r v e l o c i t y a n o m a l y i s r e p o r t e d i n t h e 
p r e l i m i n a r y r e p o r t b y L e a r y e_£ a_I<L ( 1 9 7 5 ) © T h e s t u d y s h o w s 
•v 2k -
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l a k e ? t h e g r a n i t e u n i t h a s a n a p p a r e n t v e l o c i t y o f 6 o 0 8 t i * G k 
k m / s e c * T h e b i o t i t e g r a n i t e g n e i s s ? l a b e l e d " o " ' o n t h e 
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O n t h e South Carolina side? no single u n i t has e n o u g h 
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t h e u n i t * T h e s e q u e n c e o f r o c k u n i t s f r o m t h e p h y l l i t e 
t h r o u g h t h e a d a m e l 1 i t e g n e i s s h a s a n a p p a r e n t v e l o c i t y o f 
6*06+0*51 k m / s e c * T h e s e q u e n c e f r o m t h e a d a m e l I i t e g n e i s s 
t h r o u g h t h e g r a n i t e g n e i s s / g r a n i t e h a s a n a p p a r e n t v e l o c i t y 
o f 6«3i±0*6<t k m / s e c * 
T h e c o m b i n a t i o n o f t h e r e g i o n a l v e l o c i t y m o d e l w i t h 
t h e r e v i s e d n e a r - s u r f a c e m o d e l s u g g e s t s t h a t t h e s t r u c t u r e 
o f t h e C H R A c o j l d b e d e s c r i b e d a s a h i g h - v e l o c i t y l a y e r w i t h 
p o d s o f l o w e r v e l o c i t y m a t e r i a l i n i t * T h e s e p o d s m a y b e 
s h a l l o w o r t h e y m a y e x t e n d t o c o n s i d e r a b l e d e p t h s * T h e r o c k 
u n i t r e s p o n s i b l e f o r t h e a n o m a l y a t s t a t i o n CH6 i s a p p a r e n t l y 
q u i t e s h a l l o w * T h e v e r t i c a l e x t e n t o f t h e r o c k u n i t s 
r e s p o n s i b l e f o r t h e o t h e r two* a n o m a l i e s c a n n o t b e d e l i m i t e d 
b y t h e d a t a * 
T h e v e l o c i t y s t r u c t u r e i n t h e n o r t h w e s t e r n h a l f o f 
t h e C H R A i s r e m a r K a l l y u n i f o r m l a t e r a l l y . T h e a n o m a l o u s 
r o c k u n i t s t h a t a r e p r e s e n t a r e f a i r l y l i m i t e d i n e x t e n t . 
O t h e r a n o m a l i e s m a y b e p r e s e n t * s i n c e t h e c u r r e n t s t u d y 
i s n o t s e n s i t i v e e n o u g h t o d i s t i n g u i s h a n o m a l i e s t h a t 
p r o d u c e t r a v e l t i m e v a r i a t i o n s o f l e s s t h a n Co 0 1 s e c * 
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C H A P T E R k 
A p p e n d i x D g i v e s a l i s t i n g o f l o c a t i o n s o f e a r t h q u a k e 
f o c i ? a s d e t e r m i n e d b y b o t h D e n m a n a s m o d e l a n d t h e r e v i s e d 
m o d e l * T h e s e s h o w s i g n i f i c a n t d i f f e r e n c e s i n l a t i t u d e s a n d 
l o n g i t u d e s © T h e r e l o c a t e d e p i c e n t e r s a r e a n a v e r a g e of 10 5 
m e t e r s f r o n t h e o l d e p i c e n t e r s * T h e d e p t h s o f f o c u s a l s o 
d i f f e r * t h e r e v i s e d m o d e l g e n e r a l l y g i v e s s h a l l o w e r 
l o c a t i o n s ? b y a n a v e r a g e o f 140 m e t e r s * A n u n e x p e c t e d r e s u l t 
o f t h e n e w v e l o c i t y m o d e l i s t h a t t h e e a r t h q u a k e l o c a t i o n 
p r o g r a m w i l l n o t c o n v e r g e f o r v e r y s h a l l o w e v e n t s * T h e 
r e a s o n f o r t h i s i s s h o w n i n F i g u r e 11* w h i c h i s a p l o t o f 
t r a v e l t i m e s a t s h o r t d i s t a n c e s f o r e v e n t s o c c u r r i n g a t 
d i f f e r e n t d e p t h s * A s t h e f i g u r e s h o w s t h e c u r v e f o r a 
n e a r - s u r f a c e f o c u s c r o s s e s t h e c u r v e s f o r o t h e r d e p t h s * T h e 
e f f e c t i s of t h e m o s t i m p o r t a n c e f o r s h a l l o w e v e n t s * T h e 
r e s u l t o f t h i s c o n d i t i o n i s t h a t i n o r d e r t o d e t e r m i n e a 
s h a l l o w e v e n t ' s d e p t h * a s t a t i o n t h a t i s q u i t e c l o s e t o t h e 
e p i c e n t e r i s r e q u i r e d * o t h e r w i s e t h e d e p t h s e q u e n c e o p t i o n 
o f t h e L o c a t e p r o g r a m m u s t b e u s e d * T h e L o c a t e p r o g r a m i s a 
m o d i f i c a t i o n o f t h e D o a l l p r o g r a m ( B r i d g e s ? 1975) a n d i s u s e d 
f o r e a r t h q u a k e I o c a t i o n ( s e e A p p e n d i x C ) • 
F i g u r e 1 2 i s a p l o t o f t h e r e l o c a t e d e v e n t s l i s t e d i n 
A p p e n d i x 0* T h e o r i g i n of t h i s p l o t i s 3 3 d e g r e e s 57*5 m i n 

2 .90 
# 9/1974 X 5/1975 
+ 1-4/1975 > 3-4/1977 
Figure 12. Plot of Relocated Epicenters 
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n o r t h a n d 8 2 d e g r e e s 3 0 » C m l n w e s t * T h e d i f f e r e n t s y m b o l s 
c o r r e s p o n d t o e v e n t s o c c u r r i n g o n d i f f e r e n t d a t e s * A s c a n 
b e s e e n * t h e e v e n t s a r e n o t r a n d o m e I y d i s t r i b u t e d * S e v e r a l 
f e a t u r e s a r e v i s i b l e i n t h e p l o t * P o s s i b l e f a u l t s a r e 
i n d i c a t e d b y l i n e a r f e a t u r e s * 
I n a n e f f o r t t o d e t e r m i n e a q u a n t i t a t i v e m e a s u r e o f 
t h e r a n d o m n e s s o f t h e e p i c e n t e r s ? t h e p l o t w a s c o n t o u r e d f o r 
t h e n u m b e r o f e v e n t s i n a 2.5*? c m s q u a r e ( 2 * 5 ^ c m c o r r e s p o n d s 
t o 0 * 8 k m ) * T h e r e i s a h a v e r a g e o f 3 * 9 e v e n t s p e r s q u a r e * 
T h e r e s u l t i n g d i s t r i b u t i o n o f e v e n t s p e r s q u a r e w a s c o m p a r e d 
w i t h b o t h t h e n o r m a l a n d P o i s s o n d i s t r i b u t i o n s b y t h e u s e of 
t h e c h l - s q u a r e d t e s t * F o r t h e n o r m a l d i s t r i b u t i o n ? t h e v a l u e 
f o r t h e t e s t i s 9 8 * F o r t h e P o i s s o n d i s t r i b u t i o n ? t h e t e s t 
d i v e r g e d * B o t h r e s u l t s i n d i c a t e t h a t t h e d i s t r i b u t i o n o f 
e a r t h q u a k e s i s n o t r a n d o m * 
F i g u r e 1 3 i s a p l o t o f e p i c e n t e r s a s d e t e r m i n e d b y 
D e n m a n ° s m o d e l © T h e s y m b o l s a r e t h e s a m e a s I n F i g u r e 1 2 * 
O n t h e s c a l e of t h e p l o t s ? c o m p a r a t i v l y I I f t 1 e c a n b e s a i d 
a b o u t t h e r e l a t i v e m e r i t s o f t h e t w o v e l o c i t y m o d e l s * 
F i g u r e 1 3 d o e s s h o w m o r e s c a t t e r i n t h e e p i c e n t e r s t h a n 
F i g u r e 1 2 d o e s * 
T h e e a r t h q u a k e f o c i w e r e p r o j e c t e d o n t o v a r i o u s 
v e r t i c a l p l a n e s o r i e n t a t e d a b o u t t h e v e r t i c a l a x i s . T h e 
p r o j e c t i o n s w e r e e x a m i n e d f o r l i n e a r t r e n d s * 
F i g u r e 1 ^ i s p r o j e c t i o n A a - » A « I n t h i s f i g u r e ? t h e 
e a r t h q u a k e s h a v e b e e n p r o J e c t e d o h t o a p 1 a n e s t r i k i n g N 7 0 E« 
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Figure 13. Plot of Epicenters as Determined by 
D'enman's Model 
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Figure 14. Projection A'-A 
See Figure 12. The positive end 
of the distance axis is N 70 E. 
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T h e f i g u r e s u g g e s t s ! t w o s h a l l o w z o n e s o|f a c t i v i t y t h a t s t r i k e 
a p p r o x i m a t e l y N 20 W a n d d i p a p p r o x i m a t e l y 50 S W . T h e r e i s 
a J o i n t s y s t e m ~ o u g h I y p a r a l l e l t o t h e s e z o n e s ( G u i n n ? 1 9 7 7 ) « 
T h e c o n n e c t i o n b e t w e e n t h e J o i n t s y s t e m a n d t h e z o n e s ? i f 
a n y ? i s n o t c l e a r ® J o i n t s y s t e m s a r e a b u n d a n t i n t h i s a r e a . 
F i g u r e 1 5 i s p r o j e c t i o n B ° - 8 « I n t h i s f i g u r e * t h e 
e a r t h q u a k e s h a v e b e e n p r o j e c t e d o n t o a p l a n e s t r i k i n g N 4 0 W . 
T h e f i g u r e s u g g e s t s a p l a n a r s t r u c t u r e w h o s e o r i e n t a t i o n i s 
N 5 0 5 7 N W * T h e r e i s s o m e t o p o g r a p h i c e x p r e s s i o n o f t h i s 
f e a t u r e . I t i s a p p r o x i m a t e l y p a r a l l e l e d b y t w o s m a l l 
v a l l e y s . A n e x t e n s i o n o f t h e p l a n e a c r o s s t h e l a k e 
a p p r o x i m a t e l y c o i n c i d e s w i t h t h e n o r t h e a s t t r e n d i n g p a r t o f 
F i s h i n g C r e e k ( s e e t h e C h e n a u l t a n d W i l i i n g t o n q u a d r a n g l e 
s h e e t s ) . N o a c t i v i t y h a s b e e n l o c a t e d i n t h i s p a r t of 
F i s h i n g C r e e k e 
O f t h e 8 1 r e l o c a t e d e a r t h q u a k e s ( s e e A p p e n d i x 0 ) . 3 9 
a r e w i t h i n 2 0 0 m e t e r s o f t h e m e d i a n p l a n e of t h e B ° - B 
s t r u c t u r e . T h e 3 9 e v e n t s w e r e r e m o v e d f r o m t h e d a t a a n d t h e 
r e m a i n d e r w e r e p r o j e c t e d o n t o v a r i o u s p l a n e s i n a s e a r c h f o r 
o t h e r l i n e a r t r e n d s . N o s u c h t r e n d s c o u l d d e f i n i t e l y b e 
i d e n t i f i e d ? h o w e v e r ? t h e r e a r e i n d i c a t i o n s o f s e v e r a l l i n e a r 
t r e n d s * • . 
CODcI usfto'ns± _ C o m m e n t s_ a n d Recommen da, f I o n 5 
I f t h i s s t u d y i s e v e r e x p a n d e d ? t h e r e a r e a n u m b e r of 
r e c o m m e n d a t i o n s , T h e f i r s t i s t o h a v e b e t t e r c o n t r o l of t h e 
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! F i g u r e 1 5 . P r o j e c t i o n B ' - B 
S e e F i g u r e 1 2 . T h e p o s i t i v e e n d 
• o.f: t h e d i s t a n c e , a x i s i s N 4 0 W . 
b l a s t l o c a t i o n s a n d s h o t t i m e s . T h i s p r o b l e m i s t h e b i g g e s t 
s i n g l e s o u r c e of e r r o r i n t h e p r e s e n t s t u d y . T h e p r e f e r r e d 
m e t h o d u s e d f o r r e f r a c t i o n w o r k c a l l s f o r t h e a b i l i t y t o 
d e t e r m i n e s h o t a n d a r r i v a l t i m e s t o a n a c c u r a c y o f ±i m s e c 
o r b e t t e r ? w e a t h e r i n g c o r r e c t i o n s ? a n d s h o t ° g e o p h o n e d i s t a n c e s 
t o a n a c c u r a c y o f ±1 m e t e r o r better* I n t h e p r e s e n t s t u d y ? 
n o n e o f t h e s e c o u l d b e d o n e * 
T h e e a s i e s t w a y t o i m p r o v e t h e accuracy o f s u b s e q u e n t 
s t u d i e s i s t o p l a c e a n e x p e n d a b l e g e o p h o n e a s c l o s e a s 
p o s s l P l e t o t h e q u a r r y b l a s t t o p r o v i d e t h e o r i g i n t i m e * 
T h e r e a r e a n u m b e r o f q u a r r i e s i n t h e CHRA t h a t c o u l d b e u s e d 
a s s e i s m i c s o u r c e s « 
T h e s e c o n d r e c o m m e n d a t i o n i s t o r u n a r e v e r s e 
r e f r a c t i o n l i n e . T h e r e p o r t b y L e a r y e_t aj_._ ( 1 9 7 5 ) I n d i c a t e s 
t h a t t h e v e l o c i t y l a y e r s m a y b e d i p p i n g . 
T h e t h i r d r e c o m m e n d a t i o n i s t o a d d s o m e s o r t o f 
i n t e r n a l c l o c k t o t h e t a p e u n i t s . A c o n s i d e r a b l e a m o u n t o f 
d a t a h a s b e e n l o s t b e c a u s e t h e W W V r a d i o r e c e p t i o n w a s b a d , 
A f e w c o n c l u s i o n s c a n b e s t a t e d a t t h i s p o i n t . T h e 
f i r s t i s t h a t t h e C H R A - h a s a n e a r - s u r f a c e h i g h - v e l o c i t y 
s e i s m i c c h a n n e l . T h e o v e r a l l d i m e n s i o n s o f t h e c h a n n e l a r e 
u n k n o w n . T h e j o b * o f ' ' d e l i m l t i n g t h e s e d i m e n s i o n s . i s l e f t t o 
l a t e r w o r k e r s . , , " 
T h e s e c o n d c o n c l u s i o n I s b a s e d o n t h e r e l o c a t e d 
e a r t h q u a k e f o c i . T h e p l o t s o f t h e f o c i s h o w t h a t t h e 
a c t i v i t y i s n o t d u e t o a s i n g l e f a u l t . T h e e x i s t e n c e o f a t 
• 3 5 -
l e a s t o n e f a u l t o r m u l t i p l e f a u l t i s s t r o n g l y s u g g e s t e d b y 
t h e f o c i d a t a . T h e 8 1 r e l o c a t e d e v e n t s a r e o n l y a s m a l 1 
f r a c t i o n of t h e e v e n t s a v a i l a b l e f o r u s e * T h e H e r c u l e a n t a s k 
o f r e l o c a t i n g a l l o f t h e a v a i l a b l e e v e n t s i s l e f t t o l a t e r 
w o r k e r s . 
I t s h o u l d b e p o i n t e d o u t t h a t t h e r e v i s e d v e l o c i t y 
m o d e l i s a n a v e r a g e r e p r e s e n t a t i o n o f t h e v e l o c i t y s t r u c t u r e 
I n t h e C H R A . T h e a c c u r a c y o f t h e d a t a a n d t h e i r r e g u l a r i t y 
o f t h e g e o l o g i c u n i t s w i l l m a s k v e l o c i t y a n o m a l i e s t h a t 
p r o d u c e t r a v e l t i m e v a r i a t i o n s o f . 0 . 0 1 s e c o r l e s s . 
T h e d e s i r a b i l i t y o f u s i n g a l o c a l v e l o c i t y m o d e l f o r 
e a r t h q u a k e l o c a t i o n i n r e g i o n s w i t h s i g n i f i c a n t v e l o c i t y 
i n h o m o g e n i e t i e s h a s b e e n d e m o n s t r a t e d ( A k i a n d L e e * 1 9 7 6 ) . 
T h e p u r p o s e o f u s i n g a l o c a l m o d e l i s t o o b t a i n e a r t h q u a k e 
f o c i t h a t a r e a s c l o s e a s p o s s i b l e t o t h e a c t u a l l o c a t i o n s 
o f t h e e a r t h q u a k e s * ) If t h e v e l o c i t y s t r u c t u r e o f a n a r e a is 
u n k n o w n o r p o o r l y k n o w n ? a l m o s t a n y m o d e l c a n b e u s e d t o 
o b t a i n a p p r o x i m a t e l o c a t i o n s . A l o c a l m o d e l i s r e q u i r e d if 
a s t u d y i s u n d e r t a k e n t o i d e n t i f y t h e l o c a t i o n a n d o r i e n t a t i o n 
o f a f a u l t o r t o d e c i d e w h i c h b f : s e v e r a l f a u 1 t s a r e a c t i v e . 
I n t h e p r e s e n t s t u d y , t h e u s e o f a l o c a l m o d e l h a s 
s i g n i f l e a n t Iy r e d u c e d t h e s c a t t e r o f t h e e a r t h q u a k e f o c i . 
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S t a t i o n 
C H 5 
C H 6 
R F 1 
R F 2 
R F 3 
HKP 
H R C 
4 6 6 
C F P 
B M S 
S T 1 
S T 2 
S T 3 
• S I D 
MPB 
V S T 
P P P 
L C C 
M T C 
A C F 
P T T 
T a b l e 
L a t i t J d e ( N ) . 
3 3 * 7 3 3 2 
3 3 . 8 3 9 5 
3 3 . 8 9 2 0 
3 3 . 9 4 1 2 
3 3 o 8 2 3 0 
3 3 . 8 9 4 3 
3 3 . 9 4 7 8 
3 3 . 9 5 9 0 • 
3 4 . 0 2 0 6 
3 4 . 0 0 4 6 
3 3 . 8 8 9 6 
3 3 . 8 9 2 0 
3 3 . 8 9 5 5 f 
3 3 . 9 3 6 7 
3 3 . 9 9 8 3 
3 3 . 9 8 9 8 
3 3 . 9 7 4 6 
*
:3'3. 97;0 9f ' 
3 3 . 9 6 6 1 
3 3 . 9 5 2 0 
3 3 . 9 4 9 1 
1 . L o c a t i o n s o f S t a t i o n s 
L o n g i t u d e ( W ) E J e v a t I o n ( k m ) 
8 2 . 3 1 1 8 
8 2 . 5 2 8 9 
8 2 . 6 1 1 1 
8 2 . 4 7 8 1 
8 2 . 5 1 0 7 
8 2 . 4 2 2 7 
8 2 . 4 7 7 0 
8 2 . 5 1 8 9 
8 2 . 5 9 3 0 
8 2 . 5 7 5 8 
8 2 . 5 3 2 0 
8 2 . 5 3 5 5 
8 2 . 5 3 8 4 
8 2 . 5 4 4 3 
8 2 . 5 6 7 2 
8 2 . 5 5 4 8 
8 2 . 5 4 7 4 
8 2 . 5 3 7 4 1 
8 2 . 5 3 1 0 
8 2 . 50 8 8 
8 2 . 5 . 1 1 0 
0 . 1 1 4 3 
0 . 1 4 6 3 
0 . 1 5 0 9 
0 . 1 7 6 8 
0 . 1 5 3 0 
0 . 1 5 5 4 
0 . 1 5 8 2 
0 . 1 4 2 0 
0 . 1 2 4 7 
0 . 1 1 6 1 
0 . 1 4 7 8 
0 . 1 3 7 2 
0 . 1 4 1 4 
0.152,4 
0,. 1 0 3 D 
G . 1 4 4 8 
0 . 1 4 6 9 
0 . 1 3 4 1 
0 . 1 0 8 2 
0 . 1 0 6 7 
0 . 1 0 6 7 
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T a b 5 e 1 • C o n t i n u e d 
G N C 
C U P 
S B S 
TOH 
M U D 
N O H 
H O N 
A L S 
J P T 
POT 
ROT 
E O R 
G B R 
D R G 
E O C 
M G S 
T I R 
O T H 
C H G 
G S S 
GS2 
J A N 
3 3 . 9 4 5 2 
3 3 . 9 + 3 1 
3 3 . 9 3 5 8 
3 3 o 9 + 9 9 
3 3 . 9 2 1 0 
3 3 . 9 1 1 0 
3 3 . 9 0 + 8 
3 3 . 8 9 9 2 
3 3 . 8 9 7 3 
3 3 . 8 9 1 5 
3 3 * 8 8 + 5 
3 3 . 9 1 1 9 
3 3 . 9 1 6 + 
3 3 . 9 2 9 8 
3 3 . 9 + 1 0 
3 3 . 9 + 9 8 
3 3 . 9 3 < * 1 
3 3 . 8 9 3 0 
3 3 . 8 + 5 3 
3 3 . 8 5 7 3 E 
3 3 . 8 6 V I 
3 3 . 8 6 0 0 
6 2 . 5 1 0 6 
8 2 . 5 1 0 0. 
8 2 . 5 0 2 3 
8 2 . 5 G 1 9 
8 2 . 5 1 8 6 
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C F P 0 . 0 7 ™ . 0 4 7 0 . 7 6 
M P B 0 # 6 7 # 0 2 8 4 . 1 8 
V S T 0 . 9 3 . 0 6 2 5 * 6 4 
P P P 1 . 1 9 7 . 0 6 4 7 . 3 7 
L C C 1 . 3 4 7 . 0 7 4 8 . 2 8 
M G S 1 . 4 6 3 .0 9 5 8 * 8 9 
4 6 6 1 . 7 1 5 . 1 1 4 1 0 . 4 1 
D R G 1 * 8 2 9 • i i ? 1 1 . 1 5 
G B R 1 * 7 9 5 - . 1 7 6 1 2 . 8 1 
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: S T 3 ": 2 e 5 4 5 . 1 5 8 ,/ 1 5 . 5 2 
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S T 1 2 . 7 1 0 . 1 9 6 1 6 . 3 4 
C H 6 2 . 6 8 5 , . 1 8 8 " 1 6 * 4 6 
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G S 2 3 * 1 7 0 * 2 0 4 1 9 . 2 8 
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T a b l e 2 « C o n t i n u e d 
C H G 3 . 4 3 0 . 2 1 1 2 0 * 9 3 
O T H 3 . 5 6 5 . 2 3 3 2 1 . 7 3 
C H 5 6 . 8 3 3 . 3 8 9 4 1 . 8 7 
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T h e D o a l l p r o g r a m ( B r i d g e s ? 1 9 7 5 ) h a s b e e n m o d i f i e d f o r 
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5 / 2 2 / 7 5 1 8 3 4 8 0 . 0 0 3 3 . 9 6 0 1 8 2 . 5 1 3 2 1 . 1 3 
1 1 3 4 1 , 3 .00. 3 3 . 9 5 9 7 8 2 * 5 1 2 1 1 . 1 2 
5 / 2 2 / 7 5 88 0 9 8 0 . 0 0 3 3 . 9 6 2 9 8-2. 50 9 3 1 . 0 7 
8 8 0 9 8 0 * 0 0 3 3 . 9 6 2 3 8 2 . 5 0 8 3 1 . 0 5 
T a b ! e 4 . C o n t i n u e d 
5 / 2 2 / 7 5 '10 « 5 3 * O . G O 3 3 . 9 5 6 0 8 2 . 5 0 1 7 
1 0 * 5 3 * D.OG 3 3 . 9 5 5 7 - 8 2 . 5 0 1 2 " 
5 / 2 2 / 7 5 2 0 8 2 6 * G . O G 3 3 . 9 6 2 6 8 2 . 4 9 3 4 
2 0 * 2 6 * O . G O 3 3 . 9 6 1 3 8 2 . 4 9 8 1 
5 / 2 3 / 7 5 7 * 1 9 * ,9...0 0 3 3 . 9 5 6 6
 ; £ 2 . . 4 9 9 2 
7 * 1 9 * 0 . 0 0 3 3 . 9 5 6 4 8 2 . 4 9 3 9 
5 / 2 3 / 7 5 7 * 1 9 * O . G O 3 3 . 9 5 4 5 8 2 . 4 9 9 3 
7 * 1 9 * O . G O . :33.";9'5;f4 8 2 . 4 9 9 0 
5 / 2 3 / 7 5 • 8 * 0 1 * 0 . 0 0 3 ^ 9 6 0 4 8 2 . 5 0 6 8 
8* 0 1 * 0 . 0*0/" , 3 3 o 9 6 0 2 ' 8 2 . 5 0 6 4 " 
3 / 2 6 / 7 7 2 * 0 4 * 3 . 1 9 . 3 3 . 9 5 9 8 8 2 . 4 9 6 7 
2 * 0 4 * 3 . 2 3 3 3 . 9 6 1 0 8 2 . 4 9 6 4 
3 / 2 6 / 7 7 3 * 4 9 * 5 7 . 6 1 3 3 . 9 6 0 9 6 2 . 5 0 0 9 
3 * 4 9 * 5 7 . 6 4 3 3 . 9 6 2 8 8 2 . 5 0 1 4 
3 / 2 6 / 7 7 5 * 2 8 * 2 5 . 8 1 3 3 . 9 5 9 6 8 2 . 5 0 6 3 
5 * 2 8 * 2 5 . 8 5 3 3 . 9 6 3 4 8 2 . 5 0 7 5 
3 / 2 6 / 7 7 5 * 4 8 * 4 4 . 8 1 3 3 . 9 6 8 4 8 2 • 5 0 3 7 
5 * 4 8 * 4 4 . 8 1 3 3 . 9 6 7 4 . 3 2 . 5 0 7 3 
3 / 2 6 / 7 7 6 * 5 0 * 5 5 . 9 5 3 3 . 9 5 9 9 8 2 . 5 0 7 6 
6 * 5 0 * 5 5 . 9 9 3 3 . 9 6 4 6 8 2 . 5 0 8 9 
3 / 2 6 / 7 7 7 * 4 3 * 2 , 3 . 0 4 3 3 . 9 5 9 5 8 2 . 5 0 5 4 
7 * 4 3 * 2 0 . 0 3 3 3 . 9 6 3 1 3 2 . 5 0 6 5 
3 / 2 6 / 7 7 1 8 * 1 2 * 1 3 . 0 8 3 3 . 9 6 1 2 8 2 . 5 0 7 3 
1 8 * 1 2 * 1 3 . 1 1 3 3 . 9 6 5 4 9 3 . 5 0 8 2 
T a b l e 4* C o n t i n u e d 
3 / 2 6 / 7 7 - 1 - 9 . 0 4 1 5 7 . 6 6 3 3 . 9 5 3 4 8 2 . 4 9 3 7 
' • 1 9 1 0 4 1 5 7 . 7 1 3 3 . 9 6 3 1 3 2 * 4 9 3 2 
3 / 2 6 / 7 7 1 9 U 7 I 2 - - 0 . 7 2 3 3 * 9 5 9 5 8 2 . 5 0 4 5 
1 9 1 1 7 J 2 3 . 7 6 3 3 . 9 6 2 7 : 8 2 * 5 0 5 4 
3 / 2 6 / 7 7 1 9 1 4 3 1 6 . 40 33 * 9 5 3 3 8 2 • 50 6 4 
1 9 1 4 3 1 6 . 4 2 3 3 * 9 6 2 4 8 2 * 5 0 7 8 
3 / 2 6 / 7 7 1 - 9 1 4 8 1 3 . 6 2 3 3 . 9 5 3 7 8 2 . 5 0 2 3 
' - 1 9 1 4 8 1 3 * 6 4 3 3 * 9 6 1 3 8 2 . 5 0 4 0 
3 / 2 6 / 7 7 2 0 1 4 2 1 4 1 . 4 2 33*^963 5" """82.'5042 
20 l 4 2 1 4 1 * 4 4 33-.--96.53 l \ 8 2 . 50 5 7 
4 / 1 3 / 7 7 I i 0 5 i 2 9 o ' 3 1 331 9645 ; :,, 82; ;*5040 
1 * 0 5 8 2 9 * 7 9 3 3 . 9.6-33 8 2 * 5 0 3 9 
4 / 1 4 / 7 7 1 2 1 5 4 1 3 - 3 * 1 0 3 3 * 9 5 3 0 8 2 * 5 1 2 4 
1 2 8 5 4 1 3 3 * 1 1 3 3 . 9 5 3 2 ' 8 2 . 5 1 2 2 
4 / 1 4 / 7 7 1 6 1 2 2 1 4 2 . 4 4 3 3 * 9 6 1 6 8 2 * 4 9 3 2 
1 6 1 2 2 1 4 2 . 5 0 3 3 . 9 6 0 9 8 2 . 4 9 7 2 
4 / 1 4 / 7 7 1 6 8 4 5 8 4 0 * 0 0 3 3 . 9 6 7 4 8 2 . 5 0 7 0 
1 6 8 4 5 1 4 0 . 0 1 3 3 * 9 6 6 9 8 2 . 5 0 6 8 
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